Background: Land resource management measures, such as soil bund, trench, check dams and plantation had been practiced in Melaka watershed, Ethiopia since 2010. The objective of this study is to assess the impact of above measures on soil loss rate, vegetative cover and livelihood of the population.
Background
The land resources such as the soil, vegetation and water are major resources of land to support livelihood of watershed community. They are highly interdependent. A disturbance in any one component is likely to have an impact on the others. For instance, loss of top soil, which is the base for crop cultivation (Keesstra et al. 2016) , from cultivated land may force a country to sacrifice resources such as vegetation in order to provide fertile land and resettlement areas. When human beings utilize land beyond its capability, it may cause serious environmental disturbance. This process is increasingly evident in the highland of Ethiopia where the increasing human population and dependence on agriculture have intensified land use pressures (Mekuriaw 2006; Oinam et al. 2014) . Without proper land management practices, this pressure definitely leads to land degradation (particularly in the form of soil erosion and deforestation), which, in turn, affects the productive and service functions of land as well as the livelihood of the population.
Historically, soil erosion has become a serious problem in many countries (De Graaff et al. 2008; Sisay et al. 2014) Open Access including Ethiopia (Hurni et al. 2010; Amdihun et al. 2014; Hailu 2015) . The annual soil loss rate in Ethiopia is about 852.8 million Mg ha −1 year −1 on the whole land use type (Hurni et al. 2015) . Regarding vegetation cover, before the 1950s about 40% of Ethiopia was covered by forest, bushes and shrubs (MoNRDEP 1994) . However, the forest cover of the country reduced to 6.1% in 2010 (MoFED 2010) as a result of ever-increasing demands for firewood, construction poles, farm implements, and crop and grazing land to accommodate rapid population growth.
Land degradation coupled with population pressure as well as erratic and unpredictable weather conditions triggered by climate change has severely threatened food security of the Ethiopian highlands. Cognizant of these, the Ethiopian governments took several land resource management measures including construction of soil/ stone bund and terraces on cultivated land, tree plantation on hillsides and marginal lands, water harvesting in drier regions through construction of ponds, diversion drains, and check dams (Asrat et al. 2004 ). However, the majority of farmers of the Ethiopian Highlands including the study area partially or totally demolished the land management measures practiced in their cultivated lands and in the communal lands (Mekuriaw and Hurni 2015) . Consequently, the land resources including the soil had been degraded, reducing crop yields and affecting the livelihoods of the population.
In order to check soil erosion and deforestation, land resource management measures, specifically soil bund, plantation, check dams and trench were implemented and maintained since 2010 in Melaka watershed, located in Kwarit district, west Gojjam administrative zone of Ethiopia. Technical support was provided by the researcher. The bottom-up approach was followed to ensure sustainability of land management measures being practiced. So far no prior study was undertaken on the land resources status and its impact on the livelihood. Therefore, this study was carried out to assess the impact of land resources management measures on soil loss, vegetative cover, and the livelihood of the population in the study area.
Materials and methods

Description of the study area
The study was conducted in Melaka watershed covering 1.55 km 2 , Kwarit district, west Gojjam Administrative zone, Ethiopia. Geographically, the study area extends from 10°58′24.37″ to 10°59′1.57″ N and 37°24′10.69″ to 37°25′13.81″E. Its altitude ranges between 2149 and 2441 m asl. The topography is characterized by plain through variable relief to steep slope. The farmers of the study area depend on mixed farming system including crop production and livestock raising.
Data source
Changes on land use/cover, vegetation covers and soil loss rate were used as main parameters to assess the effectiveness of land resource management measures practiced in the study area. In addition, the income of the population was considered. Landsat satellite image (https://earthexplorer.usgs.gov, https://libradevelopmentseed.org/) was chosen for mapping the land use/cover of the study area. An input data for soil loss rate estimation was collected from the field (e.g., soil colour), nearby meteorological station, and ASTER Digital Elevation Model (DEM) because it has the same resolution with the Landsat image and freely available (http://asterweb.jpl.nasa.gov/gdem. asp). Socio-economic data were collected through faceto-face interview and key informants using a carefully designed questionnaire. All 121 household heads were physically surveyed in the study area.
Methods
Land use/cover mapping
The term land use describes the type of uses (e.g., forest, residential areas, mining and conservation areas, etc.) to which the land has been subjected, whereas land cover describes the bio(physical) appearance, features and characteristics of that land (Byrne 2001). In the study area the following four major land use types were identified:
1. Croplands used for growing various crops. 2. Settlements the scattered rural settlements those are closely associated with home plots. 3. Vegetation areas covered with dense growth of trees, bushes, woodlands, including eucalyptus trees and Sesbania sesban. 4. Grassland areas used for communal grazing as well as land that has very little grass cover.
Land use/cover spatial database were created using supervised classification because it is more closely controlled by the analyst and it gives more accurate result. This per-pixel image classification methods require training samples, which can be gained from a field visit to selected spots or via visual interpretation of aerial photographs or from Google Earth. In order to map the 2015 land use/cover, 21 patches (cropland), 24 patches (vegetation), 8 patches (settlement area) and 3 patches (grassland) were collected from the study area using a handheld Global Positioning System(GPS)-specifically GPSMAP ® 60CS× (Garmin Ltd., Southampton, United Kingdom)-with an accuracy of ±3 m. To classify the image of 2010, 21 patches (cropland), 15 patches (vegetation), 5 patches (settlement area) and 5 patches (grassland) were collected using the same GPS. The imageries were classified into four land cover classes based on the training samples signatures.
Accuracy assessment
Prior to analyze the land use/cover change, user's, producers and overall accuracy of the land cover change area and confidence level should be estimated (Olofsson et al. 2013) . For this purpose, 65 referenced data for each year were collected using GPS. An accuracy of a land cover map can be calculated from sample points and presented in the form of error or confusion matrix (GFOI 2013 ). An error matrix can be reported in terms of sample counts. However, error matrix is usually expressed in terms of the unbiased estimator of area proportion of the error matrix rather than in terms of sample counts (Olofsson et al. 2013 ). According to GFOI (2013) the sample based estimator for the area proportion (pij), where i denotes the row and j denotes the column in the error matrix, is calculated as:
where wi is the ratio of mi/mt; mi is the mapped area of land use class i; mt is the total area of the map, nij is the cell value at row i and columun j; ni. is the total sample count of land use class i. After this the area of each land use/cover class is estimated based on the reference classification, which can be calculated using the equation proposed by Olofsson et al. (2013) as follows:
pj is category/land use class j based on the reference data. Then a confidence interval for the estimated area of each land use class is estimated after the standard error of each land use class is calculated. The estimated standard error (SE) of the estimated area proportion (the column total) of each land use class is estimated as (Cochran 1977):
The standard error for estimated area of each land use class was calculated by multiplying the proportion area of a given class by the total map area as proposed by Olofsson et al. (2013) and GFOI (2013) . Finally, land use/ cover change was assessed and presented in numeric and graphic forms.
(
Annual soil loss rate modelling
In this study the annual soil loss rate was estimated following RUSLE equation using GIS and remote sensing techniques.
where A = predicted soil loss per unit area (Mg ha
), R = rainfall erosivity, dimensionless (number), K = soil erodibility, Mg ha
, LS = topographic factor, i.e., slope length and steepness, C = land cover factor, ratio of covered area, vegetation to total area, P = management practice factor (strip cropping, terracing, etc.).
R-factor (rainfall erosivity)
Rainfall erosivity is the kinetic energy of rainfall storms to cause soil erosion (Renard et al. 1997) . For the Ethiopian highlands, Hurni (1985) developed regression empirical equation.
where R is the rainfall erosivity factor (number) and P is the mean annual rainfall (mm).
We determined the erosivity of the study area using 19 years mean rainfall data (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) recorded by Gebeze Mariam rainfall station, which have full data set. Finally, the erosivity layer with a cell size of 30 m was created.
K-factor (erodibility)
The K-factor indicates the inherent resistance of the soil to particle detachment and transport by water erosion, which describes the susceptibility of the soils to erosion (Renard et al. 1997) . Soil erodibility depends on various soil properties like structure, texture, organic maters, colour and permeability. For Ethiopian condition, Hurni (1985) developed K determination based on soil colour estimated by Mansell colour chart (Table 1) . Therefore, soil colour was selected to determine the K value.
To determine the K values of the study area, 32 soil sample points were selected based on transect walk. The sample points were interpolated using Triangulated Irregular Network technique after the respective K values were assigned to each sampled vector points. Finally, K value layer having a cell size of 30 m was created (Fig. 1) .
LS-factor (topographic factors)
The local slope gradient (S-factor) represents the gradient that influences flow velocity (Renard et al. 1997) whereas the slope length (L-factor) represents the distance between the point of origin of overland flow to the point where either deposition begins or the flow is concentrated into rills in a defined channel (Wischmeier and Smith 1978) . The LS-factor is considered as the first factor controlling soil erosion (Farhan et al. 2013 ). This A = R * K * LS * C * P R = −8.12 + 0.562P factor can be measured from the field, which is labour intensive and thus not feasible for estimating LS factor at large size watershed. To solve this problem, a computer program that could generate a grid LS factor from DEM was developed (Wischmeier and Smith 1978) .
where cell size is 30 m, S = slope in per cent/slope steepness, m exponent that depends on slope steepness.
In this study the LS-factor was determined using the above formula. To estimate the m value, exponent that depends on slope steepness, the slope class of the study area was determined using ArcGIS10.2. Approximately 97% of the study area has slopes of above 5% gradient and steeper. Because of this the m value of 0.5 was used to calculate the slope length. Finally, the LS factor with a LS = (flow accumulation * cell size/22.1) m * 0.065 + 0.045S + 0.0065S 2 spatial resolution of 30 m was generated from DEM using ArcGIS10.2.
C-factor (land cover)
The C-factor represents the land cover types such as cropland, vegetation, grassland, etc. and it describes how different land cover classes affect soil erosion (Wischmeier and Smith 1978) . This factor is considered as the second soil erosion controlling factors (Farhan et al. 2013 ). The C value of each land cover class was determined based on the value adapted to the Ethiopian condition (Table 1 ). The value of 0.15 is assigned for crop cover because the major crop type in the study area was cereal. The vegetative and grass cover were substantially improved in 2015. Therefore, for grassland a C value of 0.05 (in 2010) and 0.01 (in 2015) and for vegetative cover 0.05 (in 2010) and 0.01 (in 2015) were assigned. For settlement a C value of 0.005 was assigned. An increase in cover factors implies an increase in soil loss. Finally, two land cover maps with a cell size of 30 m were produced.
P-factor (management practices)
The P-factor refers to management practices such as terracing, mulching, strip cropping, contouring ploughing, and other protection measures, and its effect in reducing the amount and rate of runoff. In this study soil/ stone bunds and ploughing methods were considered to determine the P-factor for cropland because these are the dominant supportive management factors practiced to reduce soil erosion in the study area. Check dams, trenches and area enclosure were considered to determine the P value on non-cultivated land.
Information on the distribution of soil/stone bunds can be obtained using the automated terrace mapping model (which can map nearly 80% of the structures) developed by Mekuriaw et al. (2017) . However, the bunds were digitized from high spatial resolution Google Earth picture to map all structures. We determined the P value of the cropland using the value adapted to Ethiopian condition (Table 1 ). The P value on the cropland was 0.9 in 2010 and 0.6 in 2015 because effective conservation measures had been implemented and maintained properly since 2010. Similarly, the P value of the vegetative cover was 0.55 in 2010 and 0.5 in 2015 because of improvement on vegetation cover in 2015. The higher the P value, the more the soil erosion rate, and the vice versa.
Results and discussions
Land cover change between 2010 and 2015
The land cover maps were created using supervised classification (Fig. 2) . The error matrix in terms of sample counts and the areas of the map categories are shown in Table 2 . However, because of map classification error there was some variation between the area of land use/cover change obtained from a map and the true area (Olofsson et al. 2013) . Therefore, the error matrix in terms of estimated area proportions, where accuracy can be computed directly, was calculated using Eq. 1 (Table 3) . The overall classification accuracy was 96 and 95% for 2010 and 2015 land cover classes, respectively. Each land use class yields high users and producers accuracy (Table 3) .
From the error matrix presented in Table 3 , the proportion of each land use class, Pj (the column totals of the area proportion) was calculated based on the reference classification using Eq. 2 (Table 4) . Then, the stratified estimator of the area of cropland, vegetation, grassland and settlement was obtained by multiplying the total mapped area (i.e. 155 ha) with the estimated area proportions (i.e. Pj) ( Table 5 ). For example, the stratified estimator of cropland in 2010 is 155 ha* 0.903 = 140 ha. However, the mapped area of cropland in 2010 is 144.1 ha. This indicates that 4.1 ha is added to the map from vegetation land but the error adjusted estimate of the area of cropland leaves this commissioned cropland areas.
To accept or reject the omission or commission error, the standard error and confidence interval of each land use class must be estimated. Therefore, the standard error of each land use class, SE (Pj), was calculated using Eq. 3 and presented in Table 4 . Then the standard error of the adjusted area estimate was calculated as the product of the total mapped area (i.e. 155 ha) and Pj (Table 4) . A 95% confidence interval (Z = 1.96) was used to assess (Table 4) .
The area of each land use/cover type calculated from a sample of reference observation was within the 95% confidence interval (Tables 4, 5 ). Therefore, these data can be used for further analysis.
The results revealed that 5 years ago, 90 and 7% of the study area was covered by crop and vegetation respectively (Table 5 ). In 2015 cropland and vegetation covered 82 and 15% of the study area. However, over the last 5 years substantial amount of cropland was converted to vegetation and grassland.
Cropland
The total area of cropland in 2010 and 2015 was 90 and 82%, respectively. This land use type decreased by 9% over the last 5 years mainly attributed to the change of land use from cropland to vegetation area (the biological measures planted to support soil bunds), and to grassland. Contrary to above finding, studies conducted in different parts of Ethiopia indicated that land use has undergone substantial changes, mainly increase in cropland due to population growth (Moges and Holden 2009; Garedew et al. 2009 ). Moreover, local elder respondents confirmed that 24 years ago, the population was small and that there was enough cultivated land. However, cultivated land has become scare after the 1995/1996 regional land redistribution because of rapid human population growth. At present, cropland reduced substantially and thus the newly formed landless households were migrated to other parts of the country.
Vegetation
Results showed that the vegetation cover was 11.2 ha in 2010 and 22 ha in 2015. Elderly farmers reported that the vegetative cover in their area had declined before 2010 since all farmers had unrestricted access rights to the available vegetation resources-confirming the earlier findings of Mekuriaw (2006) . However, over the last 5 years the vegetative cover increased by 95% (Table 5) . It may be attributed to (1) more importantly; since 2010 farmers have planted and maintained biological measures e.g., Sesbania sesban on the constructed soil bunds and gulley sides (Fig. 3a, b) , and (2) many homesteads have planted eucalyptus as eucalyptus trees have become a profitable business (e.g. sources of wood for construction material, farm implements, fire wood, and cash crop). Similarly, 88% of the respondents reported the improvement of vegetative cover mainly due to the biological measures adopted on the soil bund (Table 6 ).
Grassland
The grassland cover of the study area was 1.9 and 4.5 ha in 2010 and 2015, respectively. This land use type had increased by 137% over the last 5 years. This is because (1) more importantly because of low crop yield, some land holdings were changed to grassland, and (2) each farmer who owned livestock left part of cropland for grassland which is used for grazing land and also as source of forage. 
Settlement
Settlements covered a total area of 1.9 ha in 2010 and 1.6 ha in 2015. This meant the area is decreased by 0.3 ha between 2010 and 2015.
Soil loss rate of the study area in 2010 and 2015
After preparing each information layer (erosivity, erodibility, slope length and gradient, land cover and management factors), they were multiplied into the specified cells using ArcGIS 10.2. Then, the soil erosion rate map was developed which revealing an annual average soil loss of the study area (Fig. 4) . Average soil loss rate in the study area was 19.2 Mg ha in 2015. The highest annual soil loss was observed on the steep slope compared to similar land uses on flat land. Farhan et al. (2013) found high soil erosion in areas where there is sparse vegetation cover and poor soil conservation measures.
However, over the last 5 years the soil loss rate decreased by 54.7%. This is due to different soil conservation interventions implemented in the study area in the last 5 years. Soil loss rates decreased exponentially as vegetation cover increases (Gyssels et al. 2005) . Conservation measures reduced the kinetic energy of raindrops, reducing detachment and transportation of soils. Similarly, Adimassu et al. (2014) found that in the central highlands of Ethiopia after 3 years the constructed soil bund were able to reduce the average soil loss rate by 47%. The farmers revealed that after practicing the conservation measures less soil erosion was observed in the study area as compared to before the intervention. Hurni (1985) indicated that soil and water conservation intervention reduced soil loss, increased soil moisture and fertility which enhance the availability of vegetation covers.
Effect of land management on socio-economic conditions
As mentioned earlier, crop production and livestock husbandry were the main source of income in the study area. Therefore, to identify the direct and indirect impact of soil bund, Sesbania sesban plantation, trenches and check dams practiced in the study area farmers were asked about the benefit that they are obtaining from these measures (Table 8) .
Seventy-four per cent farmers indicated that crop productivity was increased since 2012 because of the conservation measures being practiced and maintained in the study area. They indicated that the fertility of the soil improved and crop yield increased. However, 17% of the farmers did not observe any change on crop yield. Nearly all of the respondents reported that the soil and water conservation structures were highly effective (i.e. were able to keep the soil in place). This confirmed that the management measures implemented are contributing for the improvement of crop yield. Well managed soil contributed a lot for food security in agrarian countries (Keesstra et al. 2016) . Although the economic returns of soil bund, plantation, etc. takes longtime, farmers of the study area acknowledge its benefit. Similarly, Ayalew (2011) found that in the highlands of southern Ethiopia, crop yields increased by 22% on some farms within 1 year of soil bund construction. Studies examining the impacts of soil and water conservation structures indicated that the structures have benefited productivity, crop yield increased by an average of 23% (Pender and Gebremedhin 2006; Brhane and Mekonen 2009 ) and by about 42% (Benin 2006) . Moreover, a study conducted in the Ethiopian Highlands showed that the constructed physical soil and water conservation structures improved the productivity of the land after 7 years (Schmidt and Tadesse 2012) . Farmers also reported that Sesbania sesban planted to support the soil bund provides additional forage to sustain livestock which is the second main source of income. It was also confirmed by Brhane and Mekonen (2009) that vegetation cover and forage availability were improved after practicing and maintaining soil and water conservation structures.
In addition to the quantified soil loss and vegetative cover data, measured data (e.g. crop yield per hectare, amount of forage per meter of soil bund, etc.) is necessary to discuss in detail about the impact of land resources management on the livelihood of the population. However, based on the qualitative information collected from the farmers it is possible to say that the land resources management measures practiced in study area has substantial positive impact (e.g., increasing crop yield, source of forage for livestock, etc.) on the livelihood of the population.
Conclusions
It may be concluded from this study that the land resources management measures practiced in the study area were effectively improving the vegetative cover, reducing soil loss, improving crop yield and becoming main source of forage for livestock. In addition, the land management measures have substantially contributed to the improvement of the livelihood of the population. Therefore, bottom-up land resource management approach can be considered as an effective strategy in other areas of Ethiopia where issues of unsustainability could be better addressed. 
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